Analogs of furanonaphthoquinone (FNQ) from Tecoma ipe Mart had MICs ranging from 1.56 to 25 g/ml against gram-positive bacteria. FNQ showed significantly lower MICs against methicillin-resistant Staphylococcus aureus than against methicillin-sensitive S. aureus. FNQ inhibited Helicobacter pylori with an MIC of 0.1 g/ml. Fungi, including pathogenic species, were sensitive to FNQ with MICs similar to those of amphotericin B.
Kigelinone, 5-or 8-hydroxy-2-(1-hydroxyethyl)naphtho [2,3-b] furan-4,9-dione, a phytochemical analog of naphtho [2,3-b] furan-4,9-dione (furanonaphthoquinone [FNQ]) compounds, was isolated from the inner bark of the South American trumpet tree, Tecoma ipe Mart (syn. Tabebuia impetiginosa, Tabebuia cassinoides, and Tecoma avellanedae), or Kigelia pinnata, which is known to have antitumor activity (2, 6, 7, 16) . Because little is known about the bioactivity of FNQ analogs, we isolated FNQ and synthesized the isomeric derivatives shown in Fig. 1 . They were selectively toxic to human cancer compared with the corresponding normal cells (5, 12) . One of the FNQ analogs, 2-methylnaphtho [2,3-b] furan-4,9-dione (FNQ3), was toxic to mitochondria of HeLa cells at 3 to 5 g per ml, whereas normal cells were unaffected at that concentration but were damaged at a concentration of 20 g per ml (12) . In our continuing search for bioactive FNQ derivatives, we found some with potent inhibitory activity against bacteria and fungi. These activities were not affected by the chemical structures of hydroxy at position 5 (or 8) of naphtho [2,3-b] furan-4,9-dione ( Fig. 1) . A synthesized analog, FNQ3, has been found in the bark of Tecoma ipe Mart (4). However, 2-methyl-5(or 8)-hydroxynaphtho[2,3-b]furan-4,9-dione (FNQ13) is a newly synthesized substance which has not been reported previously (9) . FNQ3 was synthesized by Lee's method (4) . FNQ13 was synthesized by mixing 1 g of 3-hydroxyphthalic anhydride, 0.7 g of 2-acetyl-5-methylfuran, and 2.5 g of aluminum chloride with 5 ml of nitrobenzene and heating to 100°C for 18 h. The synthesized FNQ3 and FNQ13 were recrystallized from methanol as yellow needles. FNQ analogs were dissolved in dimethyl sulfoxide at a concentration of 1 to 5 mg/ml and then diluted in phosphate-buffered saline for assay of antimicrobial activity.
Microorganisms used in this study are described in Table 1  (bacteria) and Table 2 (fungi).
Mueller-Hinton agar (Difco) containing 5% Filder's peptic digest of blood or 5% defibrinated horse blood was used primarily for culture of gram-positive and gram-negative bacteria, and, except for Clostridium perfringens, bacteria were cultivated aerobically at 37°C. For Campylobacter jejuni, Helicobacter felis, and Helicobacter pylori, brucella agar medium (Becton Dickinson Microbiology Systems) with 5% horse serum was used with microaerobic incubation at 37°C for 3 days as described previously (11) . For fungi, RPMI 1640 medium containing 0.15 M morpholinepropanesulfonic acid (MOPS; pH 7.0) and 1% agar was used. Fungi were cultivated aerobically for 1 to 5 days at 35°C.
MICs were determined by the agar dilution method as described previously (11) . The initial inoculum was 1 ϫ 10 4 to 5 ϫ 10 4 organisms per ml for bacteria and about 1,000 CFU per ml for fungi. Table 1 shows the MICs of FNQ determined for 39 strains of gram-positive or gram-negative bacteria by the agar dilution method. FNQ inhibited 16 strains of gram-positive bacteria belonging to Staphylococcus, Streptococcus, Enterococcus, Bacillus, and Clostridium species with MICs ranging from 1.56 to 25 g/ml. Because methicillin-resistant Staphylococcus aureus (MRSA) strains seemed to be more sensitive to FNQ than methicillin-susceptible S. aureus (MSSA) strains (Table 1) , we compared the antibacterial activity of FNQ for 11 strains each of MSSA and MRSA from clinical specimens. MICs of FNQ3 for MRSA (mean Ϯ standard deviation, 5.97 Ϯ 3.55 g/ml) were significantly lower than those for MSSA (11.93 Ϯ 5.20 g/ml) (P Ͻ 0.01). To examine whether a suboptimal amount of FNQ augments the susceptibility of MRSA to various antibiotics, MICs were determined using 96-well air-dried microplates (HP-Plates; Eiken Chemical Co., Ltd., Tokyo, Japan) containing various amounts of antibiotics with or without 0.5 g of FNQ3 per ml as previously described (8) . As shown in Table 3 , the MICs of antibiotics such as ampicillin, cefaclor, levofloxacin, minocycline, and vancomycin for MRSA decreased in the presence of FNQ, while the MICs of these antibiotics for MSSA were affected little by addition of FNQ.
To define the effect of vancomycin-FNQ interaction on activity against MRSA, checkerboard tests were carried out. The fractional bactericidal concentration index was 0.5 to 0.6, suggestive of an additive effect of vancomycin and FNQ on activity against MRSA.
In contrast to the relatively low MICs of FNQ for gram- (Table 1) . H. pylori lives in the mucus layer overlying the human gastric epithelium. The pH of gastric juice and sites within the mucosa may be an important factor that potentially affects drug activity. A wide range of antimicrobial agents are active against H. pylori when tested in vitro at neutral pH. However, the MICs of some antibiotics are known to decrease by 1/10 or 1/100 in acidic culture medium (pH 5.5) (3). We found no effect of culture medium pH values between 5.5 and 7.2 on the FNQ MIC for H. pylori. Since addition of FNQ to several antibiotics decreased their MICs against MRSA, similar experiments were carried out with H. pylori. MICs of ampicillin, cefaclor, and levofloxacin were reduced one-fourth to one-half by the addition of FNQ (0.05 g/ml) (data not shown). H. pylori has been implicated as being responsible for gastritis, duodenal ulcers, and possibly neoplasia (1, 10, (13) (14) (15) . Thus, FNQ may be useful as a chemotherapeutic agent against H. pylori infection. Table 2 shows the MICs of FNQ against 28 strains of various species of fungi, including Candida, Cryptococcus, Aspergillus, and Saccharomyces species, together with MICs of fluconazole, amphotericin B, and flucytosine. FNQ inhibited the growth of those strains of fungi with almost the same MICs as fluconazole, amphotericin B, and flucytosine. In addition, the growth of Tricophyton strains which commonly cause superficial or subcutaneous mycoses was also inhibited by FNQ, with an MIC of 6 g.
In conclusion, FNQ may be useful as another chemotherapeutic agent against MRSA, H. pylori, and pathogenic fungi.
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